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Abstract

To fully realize the potential of Web services it is necessary to develop viable

dynamic discovery and composition techniques. Matchmaking is considered as one of

the crucial factors to ensure dynamic discovery and composition of Web services.

Current matchmaking methods such as UDDI or LARKS are inadequate given their

inability to abstract and classify Web services on the capability of services, software

signatures, and so on. Current mechanisms have lost a hidden dimension for

matchmaking. That is, the underlying data of Web services. Otherwise, UDDI doesn’t

support the imprecise query. Therefore, our research proposes a novel framework

which exploits fuzzy logic in order to abstract and classify the underlying data of Web

services as fuzzy terms and rules. The aim is to allow vague terms in the search query

and to provide more suited services to requesters.

Keywords: Web service, Fuzzy Logic, Matchmaking.
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Chapter 1 Introduction

1.1 Introduction

"Web services are Internet-based modular applications that perform a specific
business task and conform to a specific technical format. A Web service can be
anything from a restaurant review service to a real-time travel advisory to an entire
airline ticket reservation process. The modular technical format ensures these
self-contained business services (from the same or different companies) will mix and
match easily to create a complete business process. Businesses can dynamically
publish, discover and aggregate a range of Web services via the Internet; in this way,
they can more easily and dynamically create innovative products, business processes,
and value chains. Web services can be delivered to any customer device (cell phone,
PDA, computer, etc.) and can be created or transformed from existing applications."

--From IBM

Web service is the new technology of distributing computing concepts and
another alternative promoted as preferable to using the distributed object middleware
such as Java RMI or CORBA.

Using the HTTP protocol and XML, Web service is more user-friendly as
compared with Java-RMI or CORBA, allowing people to develop distributed
computing technology. The stateless hypertext HTTP permits to access the services
without the problem like firewall that happens when people use RMI or CORBA.
Without the complex architecture of CORBA, Web service is user-friendly.

The XML-formatted documents enable communication between computers
across networks by exchanging and parsing XML documents. Technologies developed
with HTTP and XML such as SOAP, WSDL and UDDI improve the prevailing use of
Web service.

As the Web progresses, the concept of semantic web provides a common idea
that allows knowledge to be shared and reused. Semantic web is the advancement of
the current web that knowledge is represented by the given well-defined language and
is understood by computers. It is helpful for Web service to use semantic web for
different machines to cooperate with Web services automatically.
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Web service is the emerging concept, and many enterprises or industries develop
the application of Web service. The core developers, such as IBM, Microsoft, and
W3C, aim to improve the protocol of Web service. Otherwise, many industries, like
Amazon or Airline Service, build business application for Web service.

1.2 Motivation

Today, the number of Web services is increasing. How to discovery the required
service effectively and compose the services correctly is critical issue for the use of
Web services. Various technologies have been developed to improve the matchmaking
of Web services. UDDI is one kind of the discovery mechanisms for Web services. It
is a service directory including a list of services which can be registered by providers
and can be searched by consumers. Although UDDI facilitates the discovery process,
does not allow the vague search for match-making.

Another kind of matchmaking mechanism is using OWL-S, the ontology
language that describes Web services with semantic. OWL-S provides non-functional
and functional types of semantics for matchmaking. One matchmaking mechanism,
LARKS, is to compare the advertisement with the requirement described by ontology
and it pays more attention to the comparison of IOPE [6]. However, data or
information provided by Web service is not taken into consideration for matchmaking
in LARKS system, but it is an important factor for consumers to search the
appropriate services.

1.3 Objective

For improving the matchmaking process in UDDI, we proposed the integrated
matchmaking framework based on fuzzy logic and ontology. We want to abstract the
data of Web services with fuzzy logic and interpret data of Web services with ontology.
Hence, we use fuzzy logic for Web services to support the imprecise or vague terms in
the query.



3

1.4 Thesis Outline

In this chapter, we have generally introduced the thesis background, our
motivation, proposed solution and our objective. The remainder of the thesis is built
as follows. In the next chapter, we provide background knowledge through the
description of related technologies, such as the concept of fuzzy logic and semantic
web, and the discussion about the current methods for Web service matchmaking.
Chapter 3 explains the complete framework we proposed. Chapter 4 will illustrate
how we implement the architecture for Airline service as an example and analysis the
imprecision rate of searching in UDDI and in our proposed framework. Chapter 5
gives conclusion and the future works.
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Chapter 2 Related Works

In chpater2, we introduce Web service and the concept of semantic web for Web
services. Further, we discuss the current mechanisms for matchmaking of Web
services. In the long run, we indicate certain concepts of fuzzy set theory.

2.1 Web Service

In past, the way that we utilized functions only provided by the mono computing
architecture is called “centralized computing.” With the progress of technology,
people hope that they can use resource from other computing systems. This idea was
implemented as one technology, RPC (Remote Procedure Call). It is adopted now in
widespread use and becomes the main part of the development of system integration.

For RPC technology, the predecessors of Web service are CORBA、RMI、

DCOM. Web service is different from its predecessors in that Web service is based on
HTTP protocol and is utilized more easily.  “Web service is a software system
designed to support interoperable machine-to-machine interaction over a network. It
has an interface described in a machine-processable format (especially WSDL). Other
systems interact with the Web service in a manner prescribed by its description using
SOAP messages, typically conveyed using HTTP with an XML serialization in
conjunction with other Web-related standards”by [7]. Web service is based on
“Service Oriented Architecture (SOA)”which is shown in Figure 2-1. There are three
roles, service broker、service provider and service requestor, which are classified

according to operation.



5

Figure 2-1 Service Oriented Architecture[22]

Service broker acts as the medium of Web services. It provides service providers
the registry service to advertise their services. Service providers mainly build Web
services and advertise their services with the detail description of Web services.
Otherwise, it can deal with the requests from service requestors. Service requestors
ask service broker for suited Web services with some conditions. There are many
operations, like service finding、service publishing and service binding, which are
accomplished by related technology standards, SOAP、WSDL and UDDI. We later

introduce them in detail.

2.1.1 SOAP (Service Oriented Architecture Protocol)

SOAP was developed by Microsoft. It aims to overcome the problem of
communication between heterogeneous platforms. To communicate with each other,
SOAP uses XML to package and to exchange messages from local system and remote
system. In the context of this architecture, SOAP also provides a convenient way for
referencing capabilities [7]. With SOAP, applications can transmit messages in
text-based way over the internet. SOAP messages can be carried by a variety of
network protocols, such as HTTP、SMTP、FTP or RMI/IIOP, or a proprietary

messaging protocol.
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2.1.2 WSDL (Web service Description Language)

WSDL is also based on XML technology and is used to define how to describe
the details of Web service. WSDL represents Web services with messages that are
exchanged between service providers and service requestors. Those messages
themselves are described abstractly and then bound to a concrete network protocol
and message format [7]. WSDL service definitions provide documentation for
distributed systems and are served as recipe for automating the details involved in
machine communication [8].

2.1.3 UDDI (Universal Description, Discovery and Integration)

UDDI is a technical specification for finding, publishing, and integrating Web
services. UDDI is like directory service, and also like the trader mechanism of
CORBA. It provides two services, one is to publish Web services for service providers,
and another is to search Web services for service requestors. UDDI is based on SOAP
for communication and WSDL for Web service description to mediate the needs
between providers and requestors. Figure 2-2 shows the data model of UDDI that is
advertised by service providers. There are four data structures in UDDI. It includes
basic business information in businessEntity, such as company name、contact

information and business category. What kind of Web services provided by the
specific company is described in businessService. BusinessService includes
information such as service name、service key and service description. In UDDI, one

business company could have many businessServices. Besides, one businessService
contains a list of binding Templates that in turn contain tModel. BindingTemplate and
tModel introduce the technical information about how to access and exploit Web
services.
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Figure 2-2 Data Model[26]

Business companies benefit from UDDI because its specifications provide
interoperability between trading partners and drive companies to cost down. IBM and
Microsoft make much effort to develop UDDI specifications to support more
complicated business logic and to let UDDI as a public standard.

2.2 Semantic Web

2.2.1 Semantic Web

University of the World Wide Web is its vital property. The concept of hypertext
link implements that “anything can link to anything”. The Web has been developed
most rapidly as a medium of documents for people rather than for data. People can
understand what the document means over internet, but machines can’t. To let data be
processed by machines automatically, we must enable machines understanding what
documents mean over internet. The Semantic Web aims to make up for this problem
[28].

“The first step is putting data on the Web in a form that machines can naturally
understand, or converting it to that form. This creates what I call a Semantic Web-a
web of data that can be processed directly or indirectly by machines,”by Tim
Berners-Lee. The creator of Web, Tim Berners-Lee, has a two-part vision for the
future of the web. The first part is to make the Web a more collaborative medium. The
second part is to make the Web understandable, and thus processable, for machines.



8

Figure 2-6 shows Tim Burners-Lee’s diagram of his proposed vision to CERN
(European Organization for Nuclear Research)[33].

Figure 2-3 Original Web Proposal to CERN[33]

In Figure 2-3, we see the relations like “includes,”“describes,”and “wrote”
between information items. Unfortunately, these relationships between resources are
not currently defined on the Web. Tim Burners-Lee’s vision is to describe
relationships between objects over the internet. Further, he proposed the concept of
semantic web. The technology that captures such relationships is called the Resource
Description Framework (RDF) described later.

For the consideration of data, usually, software is totally dependent on good data.
The computing experts realize that data is important and must be verified and
protected. Therefore, with the Web, Extensible Markup Language (XML), and now
the emerging Semantic Web, the power shifts from applications to data. This also
gives us the key to realize the Semantic Web. The path to machine-processed data is
to make the data smarter. The objective of Semantic Web is to enable machines to
understand what data means because data is made smarter. Figure 2-4 displays the
progression of data along a continuum of increasing intelligence.
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Figure 2-4 The Smart Data Continuum[19]

In the first two stages, data isn’t smart in various domains. It is till the stage 3
that the relationship of data can be used to relate and combine data. Hence, data is
smart now to be easily discovered and combined with other data. In stage 4, data can
be inferred with existing data by following logical rules. Now data can be processed
more intelligently and can build other relationship between data [19].

After the introduction of Semantic Web, we may wonder how to make Semantic
Web. Semantic Web is generally built on syntaxes which use URIs to represent data,
usually in triple-based structures. Many of URI data that is held in databases, or is
interchanged on the World Wide Web uses a set of particular syntaxes developed
especially for the task. These syntaxes are called “Resource Description Framework”
(RDF) syntaxes.

 URI-Uniform Resource Identifier

A URI is simply web identified: like the strings starting with “http:”or “ftp:”
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that often are found on the World Wide Web. URI enable people or machines to know
where the resource is located. In fact, the World Wide Web is such a thing: anything
that has a URI is considered to be“on the Web”.

The syntax of URI is carefully governed by the IETF, who published RFC 2396
as the general URI specification. The W3C maintains a list of URI schemes [4].

 RDF

A triple can simply be described as three URIs. A language which utilizes three
URIs in such a way is called RDF [4]. The Resource Description Framework (RDF) is
an XML-based language to describe resources. Resource on the Web is usually
accessed via a Uniform Resource Locator (URL). While the metadata is attached as
the part of XML document, one use of RDF is to build metadata about the document
as a standalone entity. In other words, instead of marking up the internals of a
document, RDF apprehends metadata about the “externals”of a document, like the
author, the creation date, and type [19].

Here is an example of XML RDF:

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:foaf="http://xmlns.com/0.1/foaf/" >
<rdf:Description rdf:about="">

<dc:creator rdf:parseType="Resource">
<foaf:name>Sean B. Palmer</foaf:name>

</dc:creator>
<dc:title>The Semantic Web: An Introduction</dc:title>

</rdf:Description>
</rdf:RDF>

This piece of RDF means that this article has the title “The Semantic Web: An
Introduction,”and was written by Sean B. Palmer. RDF produces the triples like the
following [31]:

<> <http://purl.org/dc/elements/1.1/creator> _:x0 .

this <http://purl.org/dc/elements/1.1/title> "The Semantic Web: An Introduction" .
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_:x0 <http://xmlns.com/0.1/foaf/name> "Sean B. Palmer"

Hence, the RDF model is often called a “triple” because it has three parts. Those 
three components are described in terms of the grammatical parts of one sentence:
subject, predicate, and object. Figure 2-5 displays the elements of triple model.

Figure 2-5 RDF Triple[9]

Subject: Subject of the sentence tells us what the sentence is about. In logic, this is the
term about which something is asserted. In RDF, this is the resource that is described
by the ensuring predicate and object.

Predicate: In one sentence, predicate tells us something about the subject. In logic, a
predicate is a function from individuals to truth-values with an entity based on the
number of arguments it has. In RDF, a predicate is like a relation between the subject
and the object.

Object: With logic, an object is acted upon by the predicate. In RDF, an object is
either a resource referred to by the predicate or a literal value.

 RDF Schema

RDF schema is the language layered on top of RDF. The stack of Semantic Web
is shown in figure 2-6. The bases of the stack are URI and Unicode. Above those
concepts, we layer the XML syntax and namespaces to prevent vocabulary conflicts.
On top of XML are the RDF and syntax discussed in the previous section. If we want
to use the triple to denote a class, class property, and value, we can build class
hierarchies for the classification and description of objects. This is the goal of RDF
schema.
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Figure 2-6 Semantic Web Stack[10]

RDF Schema is a simple set of standard RDF resources and properties to enable
people to create their own RDF vocabularies. RDF Schema allows you to create
classes of data. A class is defined as a group of things with common characteristics.
An object is one instance of a class [19]. It also allows classes to inherit
characteristics and behaviors from a parent class.

Otherwise, the concept of an RDF property is view as a relation between subject
resource and object resource.

Table 2-1 presents an overview of the vocabulary of RDF, drawing together
vocabulary originally defined in the RDF Model and Syntax specification with classes
and properties that originate with RDF Schema [4].

Table 2-1 RDF Classes

Class name comment

rdfs:Resource The class resource, everything.

rdfs:Literal
The class of literal values, e.g. textual
strings and integers.

rdf:XMLLiteral The class of XML literals values.

rdfs:Class The class of classes.
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rdf:Property The class of RDF properties.

rdfs:Datatype The class of RDF datatypes.

rdf:Statement The class of RDF statements.

rdf:Bag The class of unordered containers.

rdf:Seq The class of ordered containers.

rdf:Alt The class of containers of alternatives.

rdfs:Container The class of RDF containers.

rdfs:ContainerMembershipProperty
The class of container membership
properties, rdf:_1, rdf:_2, ..., all of which
are sub-properties of 'member'.

rdf:List The class of RDF Lists.

Table 2-2 RDF Properties

Property name comment domain range

rdf:type
The subject is an instance of
a class.

rdfs:Resource rdfs:Class

rdfs:subClassOf
The subject is a subclass of
a class.

rdfs:Class rdfs:Class

rdfs:subPropertyOf
The subject is a subproperty
of a property.

rdf:Property rdf:Property

rdfs:domain
A domain of the subject
property.

rdf:Property rdfs:Class

rdfs:range
A range of the subject
property.

rdf:Property rdfs:Class

rdfs:label
A human-readable name for
the subject.

rdfs:Resource rdfs:Literal

rdfs:comment
A description of the subject
resource.

rdfs:Resource rdfs:Literal

rdfs:member
A member of the subject
resource.

rdfs:Resource rdfs:Resource

rdf:first
The first item in the subject
RDF list.

rdf:List rdfs:Resource

rdf:rest The rest of the subject RDF rdf:List rdf:List



14

list after the first item.

rdfs:seeAlso
Further information about
the subject resource.

rdfs:Resource rdfs:Resource

rdfs:isDefinedBy
The definition of the subject
resource.

rdfs:Resource rdfs:Resource

rdf:value

Idiomatic property used for
structured values (see the
RDF Primer for an example
of its usage).

rdfs:Resource rdfs:Resource

rdf:subject
The subject of the subject
RDF statement.

rdf:Statement rdfs:Resource

rdf:predicate
The predicate of the subject
RDF statement.

rdf:Statement rdfs:Resource

rdf:object
The object of the subject
RDF statement.

rdf:Statement rdfs:Resource

[From http://www.w3.org/TR/rdf-schema/]

2.2.2 Ontology

In philosophy, ontology is a theory of thing existence [28]. For AI systems, what
“exists”is that which can be represented. When the knowledge of a domain is
represented in a declarative formalism, the set of objects that can be represented is
called the universe of discourse. This set of objects, and the describable relationships
among them, are reflected in the representational vocabulary with which a
knowledge-based program represents knowledge. In the context of knowledge sharing,
ontology means a specification of conceptualization [32].

The Artificial-Intelligence literature contains many definitions of ontology;
many of these contradict one another [23]. For the purposes of this guide an ontology
is a formal explicit description of concepts in a domain of discourse (classes),
properties of each concept describing various features and attributes of the concept
(slots), and restrictions on slots (facets). An ontology together with a set of individual
instances of classes constitutes a knowledge base. In reality, there is a fine line where
the ontology ends and the knowledge base begins.

The important feature of ontology is the inference facility. Machines usually
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don’t realize any of information, but it can deal with the terms through ontology and
reason rules. There are many applications to use ontology to enhance the functioning
of the Web. More advanced applications use ontology to relate the information on one
page and retrieve more knowledge via inference rules.

2.2.3 OWL

The Semantic Web is the future of the Web. It gives data meaning and enables
machines to automatically process data. The Semantic Web will build on XML’s
ability to define customized tagging schemes and RDF’s flexible way to presenting
data. The first level above RDF is an ontology language that can represent the
meaning of terminology in Web document. To lat machines to perform useful
reasoning tasks on these documents, the language must go beyond the basic semantics
of RDF schema.

OWL is one language of ontology and is intended to be used when information
contained in documents needs to be processed by applications. OWL has more power
than XML, RDF, and RDF-S to express meaning and semantics. OWL can be used to
explicitly represent the meaning of terms in vocabularies and the relationships
between those terms. OWL is a revision of the DAML+OIL web ontology language
incorporating lessons learned from the design and application of DAML+OIL.

2.2.4 OWL-S

OWL-S (formerly DAML-S) is an OWL-based Web service ontology that
supplies web service providers with a core set of markup language constructs for
describing the properties and capabilities of their Web services in unambiguous,
computer-interpretable form. The latest 0.9 draft release is expected to be the last one
built on DAML+OIL, and the later releases will be based on OWL.

OWL-S, the ontology of Web services, is to provide three essential types of
knowledge about one web service (Shown in Figure 2-7).
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Figure 2-7 The Components of OWL-S[6]

The class “Service”is viewed as an organizational point of reference for
declaring Web services; for different published service, one instance of Service will
exist. The subclasses of one web service are Service Profile, Service Model, and
Service Grounding. Each instance of Web service will present a descendant class of
Service Profile, be describedBy a descendant class of Service Model, and supports a
descendant class of Service Grounding. The details of profiles, models, and
groundings are different each other. But those three components provide the essential
type of information about Web service, as described latter.

A service profile tells “what the service does”;it provides types of information
that are needed by matchmaking agents to determine which service meets their
requirements. Otherwise, service profile also can represent the requirement the
matchmaking agent needs. Therefore, service profile is the dual-purpose
representation for the matchmaking process.

A service model tells “how the service works”; that is, it describes what happens 
when the service is carried out. For nontrivial services (those composed of several
steps over time), this description may be used by a service-seeking agent in at least
four different ways: (1) to perform a more in-depth analysis of whether the service
meets its needs; (2) to compose service descriptions from multiple services to perform
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a specific task; (3) during the course of the service enactment, to coordinate the
activities of the different participants; and (4) to monitor the execution of Web
service.

Service grounding defines the details of how to access a service. The definition
usually includes a communication protocol, message formats, and other
service-specific details like port numbers for contacting the service. Otherwise, the
service grounding must specify the precise way of exchanging data elements of the
type with the service [6].

In other words, Service Profile contains essential information for matchmaking
agent to discover Web services. Service Model and the Service Grounding are
associated with a Web service to provide enough information for making use of a
service.

2.3 Current Matchmaking for Web service

2.3.1 LARKS

A good work exists in the field of matchmaking for Web service including
LARKS [15]. The LARKS matchmaking process contains both syntactic and semantic
matching and allows the specification of local ontology. LARKS matchmaking has
five filters for matching, such as context matching, profile comparison, similarity
matching, signature matching and constraint matching. Different combination of those
filters can result in different degrees of partial matching. The following introduces the
matchmaking mechanism with these five filters.

First, there is the specification of LARKS as a frame with the following slot
structure.
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__________________________________________________________________

Context
Types
Input
Output
InConstraints
OutConstraints
ConcDescriptions
TextDescription

Context of specification
Declaration of used variable types
Declaration of input variables
Declaration of output variables
Constraints on input variables
Constraints on output variables
Ontological descriptions of used words
Textual description of specification

___________________________________________________________________

Based on the specification of LARKS, the following is the matching process
with distinct filter.

 Context matching
Context matching chooses suited advertisements compared with the request in

the same or similar context. This filter roughly decreases the amount of advertisement
which is not related with a given request.

 Profile matching
To compare two specifications depends on a standard technique from the

information retrieval area, called term frequency-inverse document frequency
weighting (TF-IDF). In accordance with the result of TF-IDF, two specifications are
assumed similar or not.

 Similarity matching
The limitation of profile comparison is that it doesn’t take the structure of the

description into consideration. It means it can’t differentiate input and output
declarations of a specification. Hence, the similarity matching computes the distance
values of pairs of input and output declarations, as well as input and output constraints
to know how similar advertisement and request is.

 Signature matching
Both similarity and signature matching compare the request with advertisement

selected by the context matching in advance. The signature filter considers the
meaning of the logical constraints in LARKS specification.
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 Constraint matching
This filter mainly deals with the input/output constraints and declaration parts of

the specifications. It narrows the search by using semantic information. It investigates
if the input/output constraints of request and advertisement logically match.

Those filters are the different dimensions for LARKS matchmaking. However, it
focuses on the service process, not the underlying data of Web service.

2.3.2 CBR (Case-Based Reasoning)

Limthanmaphon et al apply a Case-Based Reasoning technique to discover,
match, and compose different Web services [2]. The fundamental idea is to solve new
problems by comparing them to old problems, which have been solved in the past
time. CBR uses the similarity measure to evaluate the similarity between a given
query and cases in the case base. It enables proactive and reactive composition of Web
services. It helps to reduce the composition cost, service collaboration, and client
satisfaction, and efficient service discovery and composition. However, it doesn’t take
the data of Web services into account.

2.3.3 UDDI

UDDI is like a directory service to provide publishing and finding capabilities
for Web services. It is the broker between providers and requesters to match Web
services requesters want. UDDI includes much information, such as service
description, business metadata and taxonomies of business and services. We have
simply introduced UDDI. The following will explain service discovery mechanism in
UDDI [29].

The finding capability is achieved by the inquiry API in UDDI. The inquiry API
has two types of operations that are related with the UDDI data types: find operation
and get_Details operations. The find operation searches the services registered in
UDDI in accordance with some criteria, such as “business”, “service”, “binding”or
“tModel”. After finding operation, UDDI can retrieve the detail information of
services by get_Details operation.
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In the process of searching services, keyword search is mainly used in UDDI.
However, UDDI can’t support the vague query like “cheap”or “comfortable”. To
improve the service matchmaking, we proposed that fuzzy logic is integrated with
UDDI for semantic query.

2.4 Fuzzy Set Theory

The Theory of fuzzy set is not totally different with classical set theory. It is
proposed on the basis of the classical set theory. A fuzzy set is a set with the boundary
between 0 and 1. Unlike classical set theory, the value of fuzzy set isn’t just 0 or 1. It
is a smooth boundary for the fuzzy set theory. It generalizes the notion of membership
from a black-and-white binary classification in classical set theory into one that
allows partial membership. When the value of membership is 0, it means complete
non-membership. Otherwise, if the value of membership is 1, it represents a complete
membership. Usually, the membership or characteristic function is denoted by the
Greek lowercase letter μ[12].

A fuzzy set could be defined in two ways: (1) by calculating membership values
of those members in the set, or (2) by defining membership function mathematically.

Generally, the first way is used when the set is discrete, because a continuous
fuzzy set has an infinite number of elements. However, a fuzzy set A can be defined
through enumeration using the expression.

iiA xxA /)( 

Where the summation and addition operators refer to the union operation and the
notation iiA xx /)( refers to a fuzzy set containing exactly one (partial) element x
with a membership degree )( iA x . In sum, we don’t represent those elements ix

whose membership value is zero.

2.4.1 Membership Functions

Whereas there are numerous types of membership functions, the most
commonly used in practice are trapezoids, Gaussian, S and Z functions. In the
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following we will introduce the four types of membership functions.

 Trapezoidal Membership Function
A trapezoidal membership function is specified by four parameters {a, b, c, d} as
follows:
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Figure 2-8 Trapezoidal Membership Function

 S Membership Functions
A S membership function is a smooth membership function with three parameters:
a, b and c.
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Figure 2-9 S Membership Function

 Z Membership Functions
A Z membership function is a smooth membership function with three parameters:
a, b and c.
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Figure 2-10 Z Membership Function

 Gaussian Membership Functions
A Gaussian membership function is specified by two parameters {m, σ}

As follows:
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Figure 2-11 Gaussian Membership Function

Where m andσdenote the center and width of the function, respectively. We can
control the shape of the function by adjusting the parameterσ.

2.4.2 Basic Operations

Since membership of a fuzzy set is a matter of degree, the operation of fuzzy set
should be defined accordingly. There are three basic operations: union, intersection,
and complement [1].

Union
The union operation is used in various ways. There isn’t unique way to do union

operation. Hence, we discussed the definition that is used in most cases. The union of

two fuzzy sets
~
A and

~
B with the membership functions )(

~
xA and )(

~
xB is a fuzzy

set
~
C , written as

~~~
BAC  , whose membership function is related to those of

~
A

and
~
B as follows:





 )(),(max:

~~~
xxUx BAC 

Intersection
There isn’t the unique way to do intersection operation as well as the union

operation. According to the min-operator the intersection of two fuzzy sets
~
A and

~
B

--------------------------------------
σ
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with the membership functions )(
~

xA and )(
~

xB , respectively, is a fuzzy set
~
C ,

written as
~~~
BAC  , whose membership function is related to those of

~
A and

~
B as

follows:









 )(),(min:

~~~
xxUx BAC 

Complement

The complement of a set
~
A , denoted

~
A , is represented as the collection of all

elements in the universe which aren’t included in the set
~
A .

)(1:
~~

xUx AA  

2.4.3 Hedges

Hedge is a modifier to a fuzzy set. It changes the meaning of the original set to
create a compound fuzzy set.“Very”and“More or Less”are two usually used hedges.
Their definitions are listed below [12].

[Very]

2)]([)( xx AVeryA  

[More or Less]

)()( xx AAMoreOrLess  

Figure 2-12 shows the variations of membership functions with hedges.
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Figure 2-12 Hedge

As shown in figure 2-12, “Very”has the effect of converging the membership
function, while “More or Less”broaden the membership function. This is intuitively
appealing because the criteria for“Very High”should be more stringent than those for
“High”, while the criteria for“More or Less high”should be relaxed. The relationship
can be shown:

)()()( xxx AMoreOrLessAVeryA  

Practically, we can use hedge to any fuzzy sets. However, it is used only when
the compound term is meaningful.

2.4.4 PRUF Translation Rules

Fuzzy set theory is very useful to deal with imprecision problem. To represent
vagueness of natural language queries, Possibility Relational Universal Fuzzy (PRUF),
derived from possibility theory, is a representation language for natural language
proposed by Zadeh (1978). PRUF is a mean to express imprecise knowledge as well
as to make precise fuzzy propositions expressed in natural language. It is able to
translate a set of premises expressed in natural language into expression in PRUF. The
rules of inference of fuzzy logic can be applied to translate other expressions in PRUF
into natural language. The main constituents of PRUF are: a collection of translation
rules, and a set of inference rules [18].

The most important categories of translation rules in PRUF are as follows [11]:

Type 1 Rules pertaining to modification:

High

More or Less High

Very High



26

P+ ̂ N is m F~ that is π(x1,..,xn) = F~ +

where F~ + is modification of F~ by the modifier m. π(x1,..,xn) denotes a possible
distribution over xi. For example: A is very comfortable airline.

Type 2 Rules pertaining to composition:

The compound statement can be translated as p=q*r where * denotes a logical
connective (e.g. and, or).

q ̂ M is F~  π(x1,..,xn) = F~

r ̂ N is G~  π(y1,..,yn) = G~

Statement p gets the following:

µ
LL GF ~'~


(u,v) = min{1, µ F~ (u)+ µ G~ (v)}

If M is F~ then N is ''~G  π(x1,..,xn) = '~'~ GF  where LF '~ and LG'~ are the

cylindrical extension of F~ and G~ and is the bounded sum. For example: A is
cheap and B is good

Type 3 Rules to pertaining to quantification:

}~,~|)],(),~/~({[~ GvFuvuGFpropQ most   , where the proportion of F~ in G~ is

denoted as prop( F~ /G~ ) and

prop( F~ /G~ ) =
G

GF
~

~~ 

For example: Airline X has flights to most European cities

Type 4 Rules pertaining to qualification:

cons{N is F | N is G} ̂ poss {N is F | N is G}=
Uu

sup {min(µ F~ (u), µ G~ (u))

where poss is possibility operator and sup is support operator.
For example: “X is cheap” is very possible.
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Chapter 3 An Ontology-based Fuzzy Matchmaking Framework

In this chapter, we introduce our novel matchmaking framework, an
ontology-based fuzzy matchmaking for Web services. There are details about how to
import OWL-S in UDDI and the representation for the underlying data of Web
services. Further, we explain how to classify Web services according to data of Web
service by fuzzy theory and then to match suited services with the classified result.

3.1 Framework

For improving the current matchmaking mechanisms, we proposed the
framework that exploits fuzzy logic and ontology to explain and to represent the data
of Web services. Otherwise, we use the fuzzy description in UDDI to allow
consumers to search with vague queries. It enhances the matchmaking of UDDI and
explores the hidden dimension to describe Web services for searching.

Figure 3-1 shows our proposed framework, and the following is our detail of our
framework.

Figure 3-1 Ontology-based Fuzzy Matchmaking Framework

Our proposed framework is shown in figure 3-1. There are six steps in our
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framework.

step 1 First, all Web services described with OWL-S will be registered in UDDI by
their service providers.

step 2 Fuzzy classifier asks for the databases of Web services that were registered
in UDDI.

step 3 Fuzzy Classifier uses OWL to explain the heterogeneous database of each
Web service.

step 4 In fuzzy engine, it defines fuzzy terms and related membership functions
that are based on the data schema of the database of Web services.

step 5 Based on the OWL interpretation, fuzzy classifier asks fuzzy engine to
calculate the fuzzy value of Web services for different fuzzy terms.

step 6 Fuzzy classifier explains the heterogeneous database by OWL and represents
the abstract description of Web services by fuzzy logic. Fuzzy classifier
classifies Web services as the representation of different fuzzy terms. Hence,
Fuzzy Classifier records fuzzy values of each Web service for specific fuzzy
terms in UDDI for searching.

step 7 When the query is addressed, fuzzy matchmaking parses query sentence and
request UDDI and fuzzy engine to return suited Web services to requesters.

Those steps are the progress of our framework. The following will explain how
to import OWL-S in UDDI, and how to represent the data of Web services.
Furthermore, we will introduce the capability of fuzzy classifier and fuzzy
matchmaking.

3.2 Importing OWL-S in UDDI

The aim of semantic web is to locate services automatically based on the
functionalities Web services provide. It is helpful to discovery Web services with
semantic web. The integration of semantic web and UDDI performs the semantic
matchmaking.

OWL-S is the ontology for Web service, it has three components: service profile,
service model, and service grounding. In our proposed architecture, the quality rating
parameter of the service profile is the parameter we use. We intend to focus on the
quality rating parameter. The detail illustration about how to import the OWL-S
profile file to the UDDI registry is mention in [20].
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UDDI represents a business as a BusinessEntity object that contains information
like name of the business, contact ways such as the physical address, telephone
number or fax number, the URL of the company site. A BusinessEntity is related with
one or more Business Services that describe the specific service business provides. In
turn a business service is also related with one or more BindingTemplate that point
out how to access the service. In addition to describe businesses, services and binding
templates, UDDI provide a data structure called TModel that allows the specification
of extra attributes of the entities in the UDDI repository. The data structure and its
diagram are show in figure 3-2[30] and figure 3-3[17].

Figure 3-2 TModel Data Structure
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Figure 3-3 TModel Data Structure

Services in UDDI can be searched by name, by location, by business, by
bindings or by TModels. However, UDDI doesn’t support any inference based on the
taxonomies referred to by the TModels. Integration of semantic web (OWL-S) and
UDDI will solve this problem.

The mapping of OWL-S profiles into UDDI representations is shown in figure
3-4 [20].
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Figure 3-4 UDDI Service Representation

There are some parameters mapped directly from OWL-S Profile to UDDI.
Besides, OWL-S specific attributes such as input, output, geographicRadiu, and
qualityrating are instead represented by the TModel structure.

After mapping OWL-S to UDDI, UDDI can support the semantic inference with
OWL-S through TModel query operation. There are finding operations with TModel,
such as find_tModel operation and get_tModelDetail operation. We could obtain more
detail information for the specific Tmodel with those finding operations.
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3.3 Web Service Data Representation

Fuzzy classifier classifies the information resided in Web services, such as the
room information of the hotel accommodation services or the seat information of the
airline booking services. Fuzzy classifier represents Web services as fuzzy terms, like
“cheap ticket”or “nice view”as primitive terms or“comfortable”or “convenient”as
composite term for airline ticket service. A primitive term can be derived from a fuzzy

set A which is defined as A= {(x, µA(x))| x X). The following explains a membership
function to define the concept“reasonable”for price.

µreasonable-price (x) = {1, if x=50
50-x/40, if 10<x<50,
0, if x<10 or x>200,
100-x/50, if 50<x<100
}

Figure 3-5 Membership Function for“reasonable”related with Price

Composite terms are generated through the combination of compound
statements and fuzzy rules. For example, a composite term “comfortable” may contain 
sub-attributes such as “spacious”, and“quickly to arrive to destinations”. A composite 
term could be derived from other composite terms. The composite terms can be
described using expression as follows.

C~ (x) =min{A~ (x), B~ (x)}, x X

D
(x) =min{C~ (x), D~ (x)}, x X

where A~ (x), B~ (x), and D~ (x)) represent three different primitive terms. C~ (x) is a

transitive term and D
(x) is a composite term.

0

1

1
50 100 Pric

Membership
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Otherwise, by the definition of hedge, modified fuzzy terms such as “very
cheap”or“more or less comfortable”can be defined below.

very A~ = con( A~ )

where con( A~ ) = (A~ (u))2 and con stands for concentration operator.

more or less A~ = dil( A~ )

where dil( A~ ) = (A~ (u))1/2 and dil stands for dilution operator.

On the other hand, the compliment membership function is also powerful
expressive operator. If user or software wants to search “not expensive ticket”, a
complement operation can exclude unnecessary search space such as “cheap”and
expand the search possibility.

Otherwise, the PRUF rule is also applied to define composite terms, and also
could be used to model the modifier terms such as “very cheap ticket” and “most 
tickets are cheap”. The term “most” can be modeled using quantification type of
PRUF rule.
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3.4 Fuzzy Classifier

Figure 3-6 Fuzzy Classifier

The objective of fuzzy classifier is to represent Web services as fuzzy terms that
are related with different fuzzy sets. Figure 3-6 illustrates how fuzzy classifier works.
First, it would obtain the database of Web service such as the room information of the
hotel accommodation or the seat information of airline ticket reservation service. Web
service is classified by fuzzy classifier according to data of Web service such as the
fare of airline ticket to represent Web services with fuzzy description. Though current
matchmaking for Web services has taken the input, output and other context as filters,
it doesn’t take the data of Web services into account. In our proposed framework, we
first take the data of Web services as a matching criterion.

There are different slot names in the heterogeneous database of each Web
service, but they all have the same meaning. For an example, the fare of the ticket
recorded in the database of Eva Airline is represented as slot name“fare”, and that of
East Airline is represented as different slot name “value”. There would be the public
interpretation existing for interpreting different slot names inside the heterogeneous
databases to help machines deal with these databases automatically. In our framework,
we define the explanation about slot names by OWL.

We use OWLJessKB as a reasoning tool to parse OWL document that interprets
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the relationship among heterogeneous databases. After realizing the meaning of each
slot, we can calculate the slot value with related membership functions defined by
fuzzy rules. If one slot name has some meaning defined by OWL, there will have one
or more fuzzy terms related with the slot. For examples, the slot “ticket price”which
means how much to buy one airline ticket in OWL is defined to be related with three
fuzzy terms,“cheap”、”medium”and“expensive”because those three fuzzy terms are

usually people’s perception for price. After mapping slots with related fuzzy terms,
classifier uses fuzzy engine to calculate the value of each slot as fuzzy value that
belongs to some fuzzy term. Fuzzy engine returns the fuzzy value to the classifier.
Fuzzy classifier then records the fuzzy values in UDDI for matchmaking. The fuzzy
values for one Web service are recorded in the description of TModel as follows.

<tModel tModelKey=“uuid:cd153..”>
<name>Cheap</name>
<description xml:lang=“en>

0.5 <!--fuzzy value for“cheap”as fuzzy term -!>
</description>

Fuzzy Classifier records the different fuzzy values of each Web service
according to different fuzzy terms in UDDI. It integrates UDDI with fuzzy logic,
hence, it allows consumers to search Web services with vague queries in UDDI.

3.5 Fuzzy Matchmaking

Figure 3-7 Fuzzy Matchmaking
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Figure 3-7 illustrates how fuzzy matchmaking works. There are three parts in
the fuzzy matchmaking. First, fuzzy matchmaking should understand what the vague
query means. In addition to realize the vague query, fuzzy matchmaking should parse
input query from consumers. Based on fuzzy operations, it may parse “AND”“OR”
“NOT”as basic fuzzy operation from the query. They are called operators. Otherwise,
fuzzy matchmaking also has to parse the query to retrieve some describable fuzzy
terms. They are called operands. When the operators and operands are parsed by
fuzzy matchmaking, the first part is done and it continues to the second part of fuzzy
matchmaking.

The second part is to retrieve fuzzy description for Web service from UDDI.
Fuzzy matchmaking finds services in UDDI and then asks for the fuzzy description of
Tmodel for related fuzzy terms. After fuzzy matchmaking found Web services and
related descriptions of TModel as the fuzzy values, it requests the fuzzy engine to do
fuzzy operations by the parsed result from the first part. Fuzzy operation means the
intersection, or union, or complement among fuzzy terms retrieved from the vague
query. The objective of fuzzy matchmaking is to obtain the suited Web Services by
vague query. With the fuzzy matchmaking mechanism, it can obtain target services
from UDDI and filter these services with the description of TModel through the fuzzy
operations. Fuzzy matchmaking is the interface for communication between UDDI,
fuzzy engine, and consumers.

3.6 The Constraints for Our Framework

There are some constraints in our proposed framework. When the new Web
service is registered in UDDI, our framework should detect the new Web service and
classify it with fuzzy terms. However, there are many new Web services are registered
in UDDI at the same time. Our proposed architecture doesn’t support the dynamic
classifying mechanism.

Another constraint is the qualityRating definition of OWL-S. There are only the
two properties, the data property “ratingName”and object property “rating”. If the
quality definition of OWL-S can add the other data property “ratingValue”, it isn’t
necessary to record fuzzy value in TModel of UDDI. Therefore, it can be searched
only by OWL-S without UDDI. Therefore, it truly achieves the automatic searching
by machines.
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Chapter 4 Implementation

_An Example for Airline Ticket Reservation Service

Our implementation for our ontology-based fuzzy matchmaking framework is
described in this chapter. First, we introduce the implementation environment and
airline ticket service. Then, we classify data of Web services with fuzzy terms defined
by our framework. Finally, we match Web services based on the classified data and
then compare the performance between our framework and UDDI.

4.1 Implementation Environment

Our environment for implementing our framework is based on Windows XP. We
run Tomcat 5.5 for our web server as the container for the OWL document. For
integrating OWL and Jess, we had tried to use SWRL to transform rules to Jess. We
also had tried to use the JessTab of protégé to enable Jess to interpret the OWL
definition. However, OWLJessKB is most useful for Jess to integrate OWL with java
expert system, Jess. Table 4-1 shows the detail of our implementation environment.
Otherwise, we will briefly introduce tools we used for implementation.

Table 4-1 The Development Environment

Hardware Pentium-4 2.0G 512K L2 cache
512MB DDR DRAM

OS Windows XP with Service Pack 2

Language JDK1.5

Expert System Jess

OWL Editor Protégé 3-1-Beta

OWL Parser OWLJessKB

Server Tomcat 5.5
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Jess
The Java Expert Shell System (JESS) is a ruled-based programming

environment written in Java. Jess was originally inspired by the CLIPS expert system
shell, but was developed as a complete, distinct, dynamic environment of its own [34].

Jess Facts
The data stored in Jess is called “facts”. It expresses a ground atom. A jess fact

can be the one sentence or the member of the group of data. Facts can be formed as
the relational database by defining the named template which specifying the name and
number of slots in facts. For example, the following statement defines a template
named “car”with slots such as the color, the name and the brand of cars to store the
information about“car”in Jess.

(deftemplate car (slot brand) (slot name) (slot color))

It help us to create some working memory for the fuzzy computing.

Jess Rules
A Jess rule is similar to“if…then”statement in a programming language, in that

it includes the conditional expression and a set of commands to execute when the
conditional expression defined in rules is satisfied. An “if”part as the conditional
expression on the left-hand-side (LHS) of a rule is known as the antecedent. A“then”
part as the commands to execute is known as the consequent. A Jess rule definition
begins with the “defrule”followed by a rule name and its LHS and RHS part. The
following rule defines that if we have the car from BMW and the color of the car is
black, then we can print this kind of information out.

(defrule car-rule
(cat (brand BMW) (name BMW) (color black))
=>
(printout t“Database has the data of BMW car”crlf))

It helps us to drive some actions. For examples, we can retrieve some data by
limiting their values or we can build other facts when the specific facts exist.

Jena
Jena is a Java framework for building application related with the semantic web.

It can interpret many ontology languages such as RDF, OWL or RDQL to apply
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semantic web to applications. The framework of Jena includes [3]:

 An RDF API
 Reading and writing RDF in RDF/XML, N3 and N-Triples
 An OWL API
 In-memory and persistent storage
 RDQL-a query language for RDF

Therefore, Jena can interpret those languages above for applications.

OWLJessKB
OWLJessKB is a description logic reasoner implemented inside the expert

system. It helps Jess to manipulate with semantic web ontology. In OWLJessKB,
OWL documents in RDF-XML form are retrieved from the World Wide Web and
converted into triples. Triple is the template in Jess to store the OWL data. Each triple
asserts a relation between a subject and an object through a predicate [3]. The
example follows

(triple (predicate http://www.w3.org/2000/01/rdf-schema#subClassOf)
(subject http://localhost:8080/tests/definition.owl#value)
(object http://localhost:8080/tests/definition.owl#price)

)

OWLJessKB uses ARP (“Another RDF Parser”) to load and parse XML
documents containing RDF [14]. ARP is part of the Jena toolkit for parsing RDF
documents. OWLJessKB uses the expert system, Jess, enables the inference of
semantic web to improve the machine learning in the network environment. In our
proposed framework, we use OWLJessKB to interpret the meaning of slots of
databases from Web services with OWL.

Protégé
Protégé is a tool that allows users to construct domain ontology, to customize

data entry forms, and enter data. It is also a platform that can easily be extended to
include graphical components such as graphs and tables, media such as sound, images,
and video, and various storage formats such as OWL, RDF, XML, and HTML. It is
very useful to build domain-based ontology easily and quickly [21].
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4.2 Airline Ticket Reservation Service

The airline ticket reservation as one kind of Web services is provided by various
airline companies on the internet. This service helps travelers find suited airline
tickets for their traveling plans. Generally, users want to find airline ticket reservation
service through UDDI. The current matchmaking for Web services is the comparison
of input, output and other constraints of services processes defined by OWL-S. In our
proposed framework, we first take the underlying data of Web services into account.
Here we have the ten databases for ticket information of ten air companies. Table 4-2
is the ticket information about the airline ticket reservation for Eva Airline. The slot
“Seat Name”means the name of the seat. The slot “Value”means the fare for the
round-trip ticket from Taipei to Shanghai. The slot “Seat Size”means the space one
seat has. The slot “Air Period”means the time passengers take to arrive to the
destinations. The slot “Seat Type”classifies the tickets with the yearly ticket and the
traveling ticket.

Table 4-2 Eva Airline’s Database

Seat Name Value(dollar) Seat Size(m3) Air Period(hour) Seat Type

A01 14150 2.1 3 Yearly

A02 19500 2.5 3 Traveling

B01 15950 2.5 2.6 Yearly

B02 20200 2.5 2.6 Traveling

C01 16250 2 2.2 Yearly

C02 17050 2 2.2 Traveling

Otherwise, we need the OWL-S file of Eva Airline for registry in UDDI. There
is the OWL-S profile from [25]. The “qualityRating”part of OWL-S profile is only
the part what we want to make use of. The tag <profile:ratingName> records the
different fuzzy terms we use to classify data of Web services.

<profile:qualityRating>

<profile:QualityRating rdf:ID="BravoAir-goodRating">

<profile:ratingName>

QoS

</profile:ratingName>

<profile:rating rdf:resource="&concepts;#NullRating"/>

</profile:QualityRating>

</profile:qualityRating>

Figure 4-1 The QualityRating of OWL-S Profile
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Those ten airline companies have their ticket information and their own OWL-S
documents. We classify those ticket data of all airline companies by fuzzy classifier.

4.2.1 Fuzzy Terms

Based on airline ticket data, Table 4-2, we define four fuzzy terms to classify
Web services. The three fuzzy terms,“cheap”、”medium”、”expensive”, are related

with ticket fare. The other fuzzy term “comfortable”is related with the space of seat
and the time passengers take on air. Generally, people evaluate ticket fare with three
different levels, the cheap fare, or the medium fare, or the expensive fare. Therefore,
we use the three degrees for ticket fare as fuzzy terms. The membership functions
related with three fuzzy terms mentioned previously are shown in figure 4-2.

(0C)10 15 20 25 30

1

0

溫度

寒冷 舒適 悶熱
Cheap Medium Expensive

Price

Figure 4-2 Fuzzy Terms for Price

Otherwise, the other fuzzy term is “comfortable”. Consumers select the specific
airline company not only for the price, but also for the consideration of comfort. In
[35], there are many factors to fulfill the consumers’satisfaction. We choose two
factors to measure the comfort degree. Consumers usually think that the bigger the
space of one seat is, the more comfortable the airline service is. Otherwise, consumers
also think the less time to arrive to the destination, the more comfortable the airline
service is. Therefore, we take“comfortable”as fuzzy term based on those two factors,
“seat space” and “air time”. The membership function of “seat space” for
“comfortable”is shown in figure 4-3. The membership function of “air time”for
“comfortable”is shown in figure 4-4.
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Figure 4-3 “comfortable”for Seat Space

Figure 4-4 “comfortable”for Air Time

For computing the fuzzy value of “comfortable”, we give two factors the same
weight as 0.5. When we want to know what the fuzzy value of“comfortable”for one
company is, we can average the value of“seat space”for“comfortable”and the value
of “air time”for “comfortable”. That is to say, “comfortable”is the composite term,
and“cheap”or“medium”or“expensive”is the primitive terms.
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4.2.2 Building OWL Definition

For interpreting heterogeneous databases of airline companies, we use ontology
to explain the meaning of slot name in the databases. We make use of
protégé_3_1_beta as the tool for editing ontology. The meaning of each slot name
resided in airline database is defined by OWL. The different slot names that have the
same meaning are defined with the relationship “subclassOf”related with one class.
For example, the slots such as “fare”、“value”、“cost”mean the money you need to

pay for one ticket, therefore, they are the subclass of “price”. In other words, if two
slot names are the subclass of price, they have the same meaning in the database. It
has other interpretations for other slot names in one database. Figure 4-5 explains the
hierarchy of OWL definition for airline database that is based on table 4-2.

Figure 4-5 OWL Definition

There are many ways to inference the relationship between objects by axioms or
properties of classes for OWL. OWL is more useful than the way we use to inference.
Here we just use the relationship “SubclassOf”to explain the meaning of different
databases.

All

Price Seatspace Airtime

value cost fare seatsize seatscale seat time interval period

subclass of subclass of subclass of
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4.2.3 Classifying Web Service Data

After building OWL document for interpreting the database of airline service,
we use the following query in OWLJessKB to tell if the input slot name is the
subclass of one class in OWL document. For example, based on the OWL definition,
the input slot name “value”is the subclass of “price”, and price is related with three
fuzzy terms, “cheap”, “medium”and “expensive”. Therefore we can obtain the three
fuzzy values for “cheap”“medium”and ”expensive”as fuzzy terms to describe Web
service. Figure 4-6 shows the query with OWL.

(defquery query-for-superclasses
(declare (variables ?x))
(triple (predicate "http://www.w3.org/2000/01/rdf-schema#subClassOf")

(subject ?x)
(object ?y))

)

Figure 4-6 OWL Query in OWLJessKB

This query wants to find the super class of subject. For example, in our OWL
definition, the“interval”is the subclass of“airtime”, and is also the subclass of“all”.
With this query, we can realize that “airtime”and “all”are both the super class of
“interval”. Hence, we can know if slot names in heterogeneous databases have the
same super class.

By the OWL definition, we classify each slot in database with the related fuzzy
terms. With different type of tickets,“Yearly”or“Traveling”, there are different ways
to calculate fuzzy value for specific fuzzy term. For one company, we sum up the
value of each tuple for one fuzzy term in one database. We finally can conclude the
each value of each airline company for different fuzzy terms.

Based on the ticket information from table 4-2 and the OWL definition from
figure 4-5, we can obtain the fuzzy values of ten airline companies according to
different fuzzy terms shown in table 4-3.
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Table 4-3 The Classified Result

Cheap Medium Expensive Comfortable

Eva Airline 0.24 0.52 0.4 0.62

China Airline 0.17 0.22 0.63 0.33

Cathay Airline 0.0 0.08 0.9 0.99

Japan Asia
Airline

0.0 0.0 1.0 0.91

Far Eastern
Airline

0.71 0.5 0.02 0.48

Shanghai
Airline

0.3 0.49 0.42 0.74

China Eastern
Airline

0.37 0.65 0.31 0.46

Trans Asia
Airline

0.92 0.62 0.0 0.73

Macau Airline 0.42 0.39 0.5 0.26

Dragon
Airline

0.0 0.18 0.8 0.98

All the fuzzy values will be record in TModel of UDDI by different fuzzy terms.
By recording the fuzzy value in the description tag of TModel, we can achieve the
goal to match Web services with vague requests in UDDI.

4.2.4 Fuzzy Matchmaking

When one vague query like“cheap airline”is addressed, the fuzzy matchmaking
will ask UDDI for airline information. After the fuzzy matchmaking obtains the
airline information including TModels, it further retrieves the description values of
fuzzy terms such as “cheap”or “comfortable”recorded in TModel. With various
queries, consumers can obtain the suited Web services.

There are queries about the primitive term like“cheap airline”and the composite term
like “comfortable airline”. Also, we address queries related with hedge and PRUF
rules, such as “very cheap airline”and “most tickets are cheap”. Otherwise, we have
the query“comfortable and cheap airline”to do the basic fuzzy intersection operation.
The following tables are the different results for the different vague queries. Those
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tables show the suited airline companies with fuzzy values for different queries.

Table 4-4 The Result for“cheap airline”Query

Air Company Fuzzy value

Far Eastern Airline 0.71

Trans Asia Airline 0.92

Table 4-5 The Result for“very cheap airline”Query

Air Company Fuzzy value

Far Eastern Airline 0.5

Trans Asia Airline 0.84

Table 4-6 The Result for“comfortable airline”Query

Air Company Fuzzy value

Eva Airline 0.51

Cathay Airline 0.99

Japan Asia Airline 0.91

Shanghai Airline 0.74

Trans Asia Airline 0.73

Dragon Airline 0.98

Table 4-7 The Result for“most tickets are cheap”Query

Air Company Fuzzy value

Far Eastern Airline 1.0

Trans Asia Airline 1.0

Table 4-8 The Result for“cheap and comfortable airline”Query

Air Company Fuzzy value

Trans Asia Airline 0.73

4.2.5 Matchmaking Performance Analysis

In the current matchmaking of UDDI, if user requests with imprecise query like
“cheap airline service”, UDDI just returns the result services for“airline service”. The
amount of result services may be more than those services user really want. With our
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proposed matchmaking, we still can’t confirm that our result can satisfy the need of
all the requester. But we can provide more precise suited result to requesters.

The measure to investigate the performance between UDDI and our mechanism
is the imprecision rate. The imprecision rate means that the rate of the amount of
wrong services is compared with the total search services.

Imprecision Rate = |Suser–Smatched| / TS

Suser: the amount of services user really wants
Smatched: the amount of matched services
TS: the amount of total services

The value of |Ruser –Rmatched| is bigger than zero when (1) the amount of the
matched services is more than the amount of services user wants or (2) the amount of
the matched services is less than the amount of services user wants or (3) the matched
services are different from the services user wants. TS mean the total services with
which we match the suited services user requests.

Imprecision rate helps us to investigate what kind of matchmaking mechanism
can provide more precise result to users.

The following tables show the imprecision rates of UDDI and our
ontology-based fuzzy matchmaking framework under the different situations. In our
framework, we classify tickets into the tickets for traveling and the yearly tickets. In
table 4-9, the slot “Price Range”means the different expectation of price for
cheapness. In table 4-10, the slots“Seat Space”and“Air Time”mean the expectation
of the space of one seat and the expectation time passengers take to arrive to their
destinations for comfort. In table 4-11, except for “Price Range”, we have the
expectation ratio for “Price Range”. It is used to estimate the quantification type of
PRUF rules,“most tickets are cheap”. In table 4-12, we evaluate the imprecision rate
for fuzzy intersection operation“and”.

Table 4-9 The Imprecision Rate for“cheap airline”Query

Price Range UDDI OFMWS

Tra<=15500orYear<=19500 0.3 0.5

Tra<=14500orYear<=18500 0.5 0.3
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Tra <=13500orYear<=17500 0.8 0

Tra <=12500orYear<=16500 1.0 0.2

Tra <=11500orYear<=15500 1.0 0.2

Average 0.72 0.24

Table 4-10 The Imprecision Rate for“comfortable airline”Query

Comfortable factors

Seat Space Air Time

UDDI OFMWS

Tra>=2.5orYear>=3 Tra<=2orYear <=2 0.4 0.2

Tra>=2orYear >=2.5 Tra<=2.5orYear<=2.5 0.4 0.2

Tra>=1.5orYear >=2 Tra<=3orYear <=3 0.4 0.4

Average 0.4 0.27

Table 4-11 The Imprecision Rate for“most tickets are cheap”Query

Price Range ratio UDDI OFMWS

Tra<=15500orYear<=19500 >=0.5 0.4 0.4

Tra<=15500orYear<=19500 >=0.8 0.7 0.1

Tra<=14500orYear<=18500 >=0.5 0.7 0.1

Tra<=14500orYear<=18500 >=0.8 0.8 0

Tra <=13500orYear<=17500 >=0.5 0.8 0

Tra <=13500orYear<=17500 >=0.8 1 0.2

Tra <=12500orYear<=16500 >=0.5 0.9 0.1

Tra <=12500orYear<=16500 >=0.8 1 0.2

Tra <=11500orYear<=15500 >=0.5 1 0.2

Tra <=11500orYear<=15500 >=0.8 1 0.2

Average 0.73 0.15

Table 4-12 The Imprecision Rate for“cheap and comfortable airline”Query

Price Range Seat Space Air Time UDDI OFMWS

Tra<=15500orYear<=19500 Tra>=2.5orYear>=3 Tra<=2orYear <=2 1 0.1

Tra<=15500orYear<=19500 Tra>=2orYear >=2.5 Tra<=2.5orYear<=2.5 0.7 0.2

Tra<=15500orYear<=19500 Tra>=1.5orYear >=2 Tra<=3orYear <=3 0.3 0.6

Tra<=14500orYear<=18500 Tra>=2.5orYear>=3 Tra<=2orYear <=2 1 0.1

Tra<=14500orYear<=18500 Tra>=2orYear >=2.5 Tra<=2.5orYear<=2.5 0.8 0.1

Tra<=14500orYear<=18500 Tra>=1.5orYear >=2 Tra<=3orYear <=3 0.7 0.2

Tra <=13500orYear<=17500 Tra>=2.5orYear>=3 Tra<=2orYear <=2 1 0.1
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Tra <=13500orYear<=17500 Tra>=2orYear >=2.5 Tra<=2.5orYear<=2.5 0.9 0

Tra <=13500orYear<=17500 Tra>=1.5orYear >=2 Tra<=3orYear <=3 0.9 0

Tra <=12500orYear<=16500 Tra>=2.5orYear>=3 Tra<=2orYear <=2 1 0.1

Tra <=12500orYear<=16500 Tra>=2orYear >=2.5 Tra<=2.5orYear<=2.5 0.9 0

Tra <=12500orYear<=16500 Tra>=1.5orYear >=2 Tra<=3orYear <=3 0.9 0

Tra <=11500orYear<=15500 Tra>=2.5orYear>=3 Tra<=2orYear <=2 1 0.1

Tra <=11500orYear<=15500 Tra>=2orYear >=2.5 Tra<=2.5orYear<=2.5 1 0.1

Tra <=11500orYear<=15500 Tra>=1.5orYear >=2 Tra<=3orYear <=3 1 0.1

Average 0.87 0.12

With table 4-9, 4-10, 4-11, 4-12, we can observe that the imprecision rate of our
proposed framework, ontology-based fuzzy matchmaking for Web services
(OFMWS), is lower than that of UDDI. That is, our framework can support vague
query and return more correct results to consumers. UDDI sometimes can fulfill the
demands of consumers, but it can’tsupport vague query to provide precise results.
Hence, our framework always returns more suited results to satisfied user’s request.
Otherwise, consumers don’t need to browse each data of different services to find
suited services. We reduce the search space by classifying Web services with fuzzy
logic.

In sum, though it has some constraints such as the limitation of the parameter of
OWL-S and the limitation of dynamic classifying Web services, our proposed
framework explores the hidden dimension of matchmaking of Web services, and
allows users to search with vague sentences. Otherwise, it reduces the search space for
users and provides more fitting Web services to users.
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Chapter 5 Conclusion and Future Works

5.1 Conclusion

This work investigates the issue of matchmaking for Web services that is
characterized by multiple dimensions such as software signatures, location of services,
syntax and semantics of services, and the underlying data of services. We exploit
fuzzy logic in order to classify and to abstractly represent the underlying data of Web
services. The main contribution of this work are (1) the identification of a hidden
dimension, i.e., the Web services data (2) the abstract representation of Web services
data in a fuzzy set theory, and (3) representation of fuzzy sets and rules in
OWLJessKB.

With the comparison of UDDI and our proposed framework, our framework can
provide the more precise result to consumers than the result of UDDI when consumers
deliver vague queries.

5.2 Future Works

In the future, we can modify our framework to support the dynamic classifying
and searching. Otherwise, we can include the concept of adaptive ranking in our
proposed framework. The flexibility in the design will help increase the flexibility
of the framework, allowing matched result to be more adaptive to fulfill users’
satisfaction in the business world. It is here in the fluidity of the design that is the
big advantage compared to other matchmaking mechanisms.
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